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^ * NOTICES* 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

IThis document has been translated by computer. So the translation may not reflect the original 
precisely, 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It is the pump characterized by the above-mentioned motor (7) consisting of a switched 
reluctance motor in the pump by which a rotation drive is carried out by the motor (7). 
[Claim 2] The pump characterized by preparing the motor (Rota (8 of 7)). and the pump rotor (5) on the 
same revolving shaft (4) at rotation one in a pump according to claim 1. 

[Claim 3] It is the pump characterized by being constituted as surfacing maintenance of the revolving 
shaft (4) carried out in a magnetic bearing (11) and (12) in a pump according to claim 2. 
[Claim 4] The pump according to claim 1 , 2, or 3 characterized by being a vacuum pump (A). 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention belongs to the technical field about pumps, such as a vacuum 

pump by which a rotation drive is carried out at high speed by the motor. 

[0002] 

[Description of the Prior Art] Generally, Rota of a motor and a pump rotor are prepared on the same 
revolving shaft at rotation one, and, as for this kind of pump, the AC motor and the DC motor are usually 
used as this motor. Moreover, the bearing which supports this revolving shaft pivotable is prepared in the 
both ends of the above-mentioned revolving shaft. The ball bearing or the magnetic bearing is used as 
this bearing. 

[0003] And with the above-mentioned pump, in order to raise the engine performance, it is required that 
the above-mentioned revolving shaft and a pump rotor should be rotated at high speed, but in order to 
make it resonance phenomena not arise, the rated rotational frequency is set up lower than the bending 
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resonance frequency in rotation systems, such as the above-mentioned motor and a revolving shaft. That 
is, in order to rotate a pump rotor more at high speed, it is necessary to make bending resonance 
frequency become as large as possible. 
[0004] 

[Problem(s) to be Solved by the Invention] As one approach for making the above-mentioned bending 
resonance frequency high, it is possible to shorten the overall length of a motor rotor, a pump rotor, and 
a revolving shaft. However, shortening them with the conventional pump has reached the limitation, and it 
is difficult to make bending resonance frequency high. What [ can rotate a revolving shaft stably more in 
what uses especially a magnetic bearing at high speed if resonance phenomena do not occur ] Since the 
touchdown bearing for making it a revolving shaft not contact the above-mentioned electromagnet etc. is 
needed in accordance with a revolving shaft at the time of the electromagnet which carries out surfacing 
maintenance of the revolving shaft, the position sensor which detects the surfacing location of a 
revolving shaft, and the malrotation The overall length of a revolving shaft becomes still longer, and it 
becomes impossible to make bending resonance frequency high. Moreover, since the part and bending 
resonance frequency to which a pump rotor becomes large fall even if it is going to raise a pump 
performance by enlarging the diameter of a pump rotor and raising the peripheral velocity, it is necessary 
to lower a rated rotational frequency, consequently peripheral velocity of a pump rotor cannot be raised. 
[0005] When this invention is made in view of these many points and the place made into the purpose 
pays its attention to the motor to the pump by which a rotation drive is carried out by the motor, make 
bending resonance frequency high, and it enables it to rotate a pump rotor more at high speed, and is in 
what it is going to raise a pump performance for. 
[0006] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, in this invention, the 
switched reluctance motor (Switched Reluctannce MotorSR motor) was used for the motor. 
[0007] By invention of claim 1, as shown in drawing 1 and drawing 2 , it is premised concrete on the pump 
by which a rotation drive is carried out by the motor (7). 

[0008] And the above-mentioned motor (7) shall consist of a switched reluctance motor. 
[0009] That is. the coil of a stator (9) has completed SR motor by each magnetic pole (9), and it can 
shorten a coil end (9b) while it can enlarge width of face of the circumferencial direction in each 
magnetic pole (8a) of Rota (8) and can shorten the die length of the iron core section of Rota (8) as 
compared with an AC motor or a DC motor. Moreover, since the coil end (9b) is short, there is little 
copper loss, and since each magnetic pole (9b) of a stator (9) is always fixable to N pole or the south 
pole, there is also little iron loss. For this reason, effectiveness of a motor (7) can be made high. 
Consequently, to an AC motor or a DC motor, if the output and the outer diameter are the same, the 
overall length of SR motor can be made into one half extent Therefore, a pump can be rotated more at 
high speed, being able to make high bending resonance frequency of rotation systems, such as a motor 
(Rota (8 of 7)), and preventing generating of resonance phenomena. Therefore, the engine performance of 
a pump can be raised. 

[0010] In invention of claim 2, in invention of claim 1, as shown in drawing 1 , the motor (Rota (8 of 7)) 
and the pump rotor (5) shall be prepared on the same revolving shaft (4) at rotation one. 
[001 1] this ~ the engine performance of a motor (7) ~ an AC motor, a DC motor, and abbreviation — 
the effectiveness that only the part to which the overall length of a motor (7) becomes short shortens 
the overall length of a revolving shaft (4) soon, and makes bending resonance frequency high can be 
heightened, maintaining similarly. Therefore, the operation effectiveness of invention of claim 1 can be 
promoted more. 

[0012] In invention of claim 2, as shown in drawing 1 . the revolving shaft (4) shall consist of invention of 
claim 3. as surfacing maintenance carried out in a magnetic bearing (11) and (12). 
[0013] That is. with the magnetic bearing-type pump, since it is in the inclination for there to be many 
components which should be arranged in accordance with a revolving shaft (4). for the overall length of a 
revolving shaft (4) to become long, and for bending resonance frequency to become low, it is required 
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" that the overall length should be shortened as much as possible. Therefore, effective use of invention of 
* claim 2 can be aimed at, and a pump performance can be raised stably. 

[0014] In invention of claim 4, in claims 1 and 2 or invention of 3. as shown in drawing 1 , a pump shall be 
a vacuum pump (A). 

[0015] Especially the thing done for a rotation drive by this at high speed in order to raise that vacuum 
engine performance more in a vacuum pump (A) is demanded. Therefore, claims 1 and 2 or optimal use of 
invention of three can be aimed at. 
[0016] 

[Embodiment of the Invention] Hereafter, the operation gestalt of this invention is explained based on a 
drawing. Drawing 1 shows the whole turbo molecular pump (A) configuration as a vacuum pump 
concerning the operation gestalt of this invention. In the dry etching process for example, at the time of 
semi-conductor manufacture, in case the metal membrane of the aluminum currently formed in that 
substrate front face is etched using chlorine-based gas in a vacuum ambient atmosphere, this turbo 
molecular pump (A) is used in order to exhaust the gas molecule of the aluminum chloride (AICI3) which 
is that resultant. 

[0017] The above-mentioned turbo molecular pump (A) equips the revolving shaft (4) arranged so that it 
may be prepared pivotable in casing (3) which has an inlet (1) and an exhaust port (2), and this casing (3) 
and may extend in the vertical direction, and this revolving shaft (4) with the pump rotor (5) prepared in 
rotation one. This turbo molecular pump (A) contains the motor (7) which carries out the rotation drive of 
the above-mentioned revolving shaft (4) and the pump rotor (5). 

[0018] Approximately cylindrical inner casing to which the above-mentioned casing (3) was prolonged in 
the vertical direction, and opening of the vertical both ends was carried out (3a), Exhaust-port casing 
prepared in the lower limit opening edge of this inner casing (3a) in the shape of an outward flange at one 
(3b), Pars-basilaris-ossis-occipitalis casing prepared so that lower limit opening of inner casing (3a) might 
be covered on the inferior surface of tongue of this exhaust-port casing (3b) (3c), It consists of the lower 
pump case (3d) of the shape of a cylinder established so that it might lap up and down on the above- 
mentioned exhaust-port casing (3b) and an up pump case (3e), and inlet casing (3f) prepared in the upper 
limit opening edge of this up pump case (3e). And while the above-mentioned inlet (1) is formed of inlet 
casing (3f), the exhaust port (2) is formed in the condition of having carried out opening to exhaust-port 
casing (3b) toward the side (left of drawing 1 ). 

[0019] Between the above-mentioned exhaust-port casing (3b) and pars-basilaris-ossis-occipitalis 
casing (3c), the thrust magnetic bearing (11) which carries out surfacing maintenance of the revolving 
shaft (4) pivotable in the thrust direction (the vertical direction of drawing 1 ) is arranged, this magnetic 
bearing (11) — the lower limit section of a revolving shaft (4) — concentric — and the disk (11a) which 
consists of the magnetic substance prepared in rotation one and the electromagnet (lib) with which 
contiguity arrangement of this disk (1 la) was carried out up and down — from — it has become (11b). 
On the other hand, the radial magnetic bearing (12) which carries out surfacing maintenance of the 
revolving shaft (4) pivotable in a radial direction is arranged respectively at two upper and lower sides in 
inner casing (3a). Each radial magnetic bearing (12) consists of a body (12a) which consists of the 
magnetic substance by which outside fitting was carried out to the revolving shaft (4) at rotation one, and 
an electromagnet (12b) by which contiguity arrangement was carried out at the periphery side of this 
body (12a). 

[0020] The above-mentioned motor (7) is arranged between both [ these ] the radials magnetic bearing 
(12) and (12). This motor (7) consists of a switched reluctance motor (Switched Reluctannce MotorSR 
motor) currently used for the electric vehicle, the two-wheel barrow, etc. This motor (7) has the motor 
stator (9) arranged at the periphery side of the motor rotor (8) by which outside fitting was carried out to 
the revolving shaft (4) at rotation one, and this motor rotor (8). In addition, the above-mentioned motor 
(Rota (8 of 7)) and the pump rotor (5) will be prepared on the same revolving shaft (4). 
[0021] As shown in drawing 2 , above-mentioned Rota (8) and an above-mentioned stator (9) have the 
magnetic pole (8a) which consists of six poles and eight poles, respectively, (8a), — , (9a), (9a). and — (a 
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statdr (9) has many magnetic poles two poles rather than Rota (8)). and, unlike the AC motor or the DC 
motor, are making both salient pole gear-tooth structures. 

[0022] Each magnetic pole (9a) of the above-mentioned stator (9) has an independent phase winding (9b), 
respectively, and let the direction of a volume be hard flow mutually so that it may become the reverse 
pole of N and S in two magnetic poles (9a) and (9a) which face each other. The coil which are the vertical 
both ends of each of this coil (9b), and (9c) (9c) are projected up and down from the vertical edge of a 
stator (9), respectively. On the other hand, above-mentioned Rota (8) has neither a phase winding nor a 
permanent magnet, but consists only of an iron core. 

[0023] And Rota (8) rotates this motor (7) only with reluctance torque like VR (Variabule Reluctannce) 
form stepping motor. That is, if drawing 3 explains the principle of operation of this motor (7) to a detail, 
as shown in this drawing (a), the condition that each magnetic pole (8a) of Rota (8) and a stator (9) and 
comrades (9a) have met will become [ magnetic reluctance ] the smallest, and it will become a stabilized 
point. And if external force tends to be applied to Rota (8) and it is going to shift in the direction of a 
counterclockwise rotation from this stabilized point as shown in this drawing (b), resistance torque will 
appear in the direction of a clockwise rotation. That is, if Rota (8) and the magnetic pole (8a) of a stator 
(9), and (9a) shift mutually It is that (stress of a maxwell) which line of magnetic force (an arrow head 
shows to this drawing) bends at each magnetic pole (8a) and the edge (9a), and this line of magnetic 
force has strong tension, and is going to become straight short. Torque tends to act in the direction of a 
clockwise rotation, and each magnetic pole (8a) of Rota (8) and a stator (9) and comrades (9a) tend to 
meet. Rota (8) rotates continuously by changing in order the excitation pole (9a) and (9a) with which an 
encoder (not shown) detects the location of the circumferencial direction of Rota (8) and which a stator 
(9) faces by this with a semi-conductor power switch. In addition, in the state of drawing 2 , the magnetic 
pole (9a) and (9a) which line of magnetic force (a dotted line shows) has generated are excited. 
[0024] The thrust location sensor (13) which detects the location of the thrust direction of this revolving 
shaft (4), and the rotation sensor (14) which detects the rotational frequency of a revolving shaft (4) are 
formed in the lower limit section lower part of the above-mentioned revolving shaft (4). the location 
which specifically counters the axial center of the revolving shaft (4) of pars-basilaris-ossis-occipitalis 
casing (3c) while the axial target (15) is prepared in the lower limit section of the above-mentioned 
revolving shaft (2) at rotation one — the above-mentioned position sensor (13) — moreover, the above- 
mentioned rotation sensor (14) is arranged in the location which carried out eccentricity from the axial 
center, respectively. And the base of the above-mentioned axial target (15) is made into the flat surface 
which intersects perpendicularly with the axial center of a revolving shaft (4), and detects a gap with this 
base by the thrust location sensor (13). Moreover, the crevice for rotational frequency detection (15a) is 
established in the location of two places which shifted only 1 80 degrees mutually [ the periphery section 
in the base of an axial target (15) ], respectively, and the rotational frequency of a revolving shaft (4) is 
detected based on these crevices (15a) and the count to which (15a) passes through a rotation sensor 
(14) top. 

[0025] Between the above-mentioned thrust magnetic bearing (11) and the lower radial magnetic bearing 
(12), the radial location sensor (16) which detects the location of the radial direction by the side of the 
lower limit of a revolving shaft (4) is arranged. Moreover, above the upper radial magnetic bearing (12), 
the radial location sensor (16) which detects the location of the radial direction by the side of the upper 
limit of a revolving shaft (4) is arranged. Furthermore, between the above-mentioned thrust magnetic 
bearing (11) and the lower radial location sensor (16), two touchdown bearings (17) which regulate 
migration of the thrust and the radial surfacing direction so that this revolving shaft (4) may not contact 
the above-mentioned electromagnet (lib), each position sensor (13), (16), etc. at the time of the 
malrotation of a revolving shaft (4). and (17) are arranged (12b). And between the electric motor (7) and 
the upper radial magnetic bearing (12), one touchdown bearing (17) which regulates migration of the radial 
surfacing direction of a revolving shaft (4) similarly is arranged. 

[0026] The above-mentioned pump rotor (5) is making the shape of a cylinder like object with base to 
which opening of the lower limit was carried out, and is connected with the upper limit section of the 
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above-mentioned revolving shaft (4) by a bolt (18), (18), and — at rotation one. Two or more buckets (19) 
respectively prepared in the Johan section by the side of the periphery so that it might extend toward 
the method of the outside of radial, (19), and — are arranged in the direction of an axial center 
multistage, two or more stationary blades (20) which countered these buckets (19), (19), and — , and were 
prepared in the inner circumference side of an up pump case (3e) on the other hand so that it might 
extend toward the method of the inside of each and radial, (20), and — the same — the direction of an 
axial center — multistage — and it is arranged so that it may be located by turns with a bucket (19). 
(19), and — . Moreover, between the stationary blade (20) which adjoins up and down, and (20), the spacer 

(21) is infixed, respectively. And the turbine pump is constituted by these buckets (19), (19), — and a 
stationary blade (20), (20), and ~. 

[0027] Moreover, the bottom half section of a peripheral face of the above-mentioned pump rotor (5) is 
made into the cylinder side. On the other hand, the thread groove (22) of two or more articles, (22). and - 

- are prepared in the inner circumference of the above-mentioned lower pump case (3d) which counters 
this cylinder side. And the screw pump is constituted by these cylinder side and a thread groove (22), 

(22) , and — 

[0028] Between the above-mentioned inner casing (3a), exhaust-port casing (3b), and a lower pump case 
(3d), it is formed so that an annular circular ring-like way (23) may revolve the surroundings of a revolving 
shaft (4). This annular way (23) is open for free passage for the above-mentioned exhaust port (2) with 
the free passage way (24) established in exhaust-port casing (3b). In addition, in drawing 1 , (25) is a 
connector for connecting electrically each coil (9b) of each magnetic pole (9a) in the stator (9) of the 
electromagnet (11b) of each above-mentioned magnetic bearing (1 1) and (12), (12b), and a motor (7) and 
each sensor (13), (14), (16), etc. and the feeder system and control unit outside drawing. 
[0029] Therefore, since the motor (7) which has a pump rotor (Rota (8 by which outside fitting of 5) was 
carried out to rotation one as well as the revolving shaft (4) prepared in rotation one) consists of an SR 
motor with the above-mentioned operation gestalt While being able to enlarge width of face of the 
circumferencial direction in each magnetic pole (8a) of Rota (8) and being able to shorten the die length 
of Rota (8), each coil (9b) in each magnetic pole (9a) of a stator (9) is completed by each of that 
magnetic pole (9a), and can shorten each coil end (9c). Moreover, since each coil end (9c) is short, there 
is little copper loss, and since each magnetic pole (9a) of a stator (9) is always fixable to N pole or the 
south pole, there is also little iron loss. For this reason, effectiveness of a motor (7) can be made high. 
Consequently, to an AC motor or a DC motor, if the output and the outer diameter are the same, the 
overall length of this motor (7) can be made into one half extent, this — the motor engine performance - 

- an AC motor, a DC motor, and abbreviation — the part to which the overall length of a motor (7) 
becomes short, maintaining similarly — the overall length of a revolving shaft (4) — soon — short — it 
can carry out — Rota — bending resonance frequency of the rotation system of (8), a revolving shaft (4), 
and a pump rotor (5) can be made still higher. Therefore, preventing generating of resonance phenomena, 
a revolving shaft (4) can be rotated more at high speed, and the vacuum engine performance of a turbo 
molecular pump (A) can be raised. 

[0030] Moreover, since the revolving shaft (4) is constituted so that surfacing maintenance may be 
carried out by a thrust magnetic bearing (11) and the radial magnetic bearing (12), it is in the inclination 
for the overall length of a revolving shaft (4) to become long in order to arrange thrust magnetic bearing 
(1 1) and thrust location sensor (13) each radial location sensor (16) of radial magnetic bearing (12) each 
and each touchdown bearing (17) in accordance with a revolving shaft (4), and for bending resonance 
frequency to become low. However, with the above-mentioned operation gestalt, since the overall length 
of a motor (7) can be shortened, even if it uses a thrust magnetic bearing (11) and a radial magnetic 
bearing (12), bending resonance frequency cannot be reduced and rotation of a revolving shaft (4) can be 
stabilized by each magnetic bearing (11) and (12). Therefore, the vacuum engine performance of a turbo 
molecular pump (A) can be raised stably. 

[0031] In addition, although the motor (7) which drives the turbo molecular pump (A) as a vacuum pump 
was used as SR motor with the above-mentioned operation gestalt, if it is the pump which has the need 
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" of making it rotating at high speed in extent from which the bending resonance frequency of a rotation 
'system poses a problem, this invention is applicable to any pumps. 
[0032] 

[Effect of the Invention] As explained above, according to invention of claim 1, improvementHzation of a 
pump performance can be attained by having used the motor as the switched reluctance motor to the 
pump by which a rotation drive is carried out by the motor. 

[0033] According to invention of claim 2. the operation effectiveness of invention of claim 1 can be 
heightened more by having prepared Rota of a motor, and a pump rotor on the same revolving shaft at 
rotation one. 

[0034] According to invention of claim 3, by having constituted the revolving shaft so that surfacing 
maintenance might be carried out by the magnetic bearing, effective use of invention of claim 2 can be 
aimed at, and stable improvement-ization of a pump performance can be attained. 

[0035] According to invention of claim 4, claims 1 and 2 or optimal use of invention of three can be aimed 
at by having used the pump as the vacuum pump. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the sectional view showing the whole turbo molecular pump configuration as a vacuum 

pump concerning the operation gestalt of this invention. 

[Drawing 2] It is the IHI line expanded sectional view of drawing 1 . 

[Drawing 3] It is the sectional view showing the principle of operation of a motor typically. 

[Description of Notations] 

(A) Turbo molecular pump (vacuum pump) 

(4) Revolving shaft 

(5) Pump rotor 

(7) Motor 

(8) Motor rotor 

(1 1) Thrust magnetic bearing 

(12) Radial magnetic bearing 
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DRAWINGS 



[ Drawing 2] 




8a 

(b) 

[Drawing 1] 
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